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probability in the total cell population. Models that account for all of the
complex factors involved in the mechanisms of carcinogenesis have not yet
been developed to the point where they can be used realistically for risk
estimation, especially in view of the fact that the sparsity of data available
makes it difficult to choose among the various possibilities. In Chapter 4
of this report, therefore, descriptive empirical models are used to arrive at
cancer risk estimates.

MECHANISMS

The mechanisms by which radiation may produce carcinogenic changes
are postulated to include the induction of: (1) mutations, including alter-
ations in the structure of single genes or chromosomes; (2) changes in
gene expression, without mutations; and (3) oncogenic viruses, which, in
turn, may cause neoplasia. Although controversy persists as to the relative
importance of these hypothetical mechanisms in the induction of carcino-
genesis, they are not mutually exclusive, since different mechanisms may
be involved at successive stages in carcinogenesis.

The somatic mutation theory of carcinogenesis, proposed by Boveri
in 1914 (Bol4), has received further support from the high correlation
between the carcinogenicity and the mutagenicity of different agents. In
a few types of cancer (e.g., retinoblastoma), moreover, the same specific
gene mutation or deletion is found both in familial and nonfamilial cases,
as noted in Chapter 1, suggesting that the mutation or the deletion of the
gene plays a causative role, as discussed below.

It is possible, on the other hand, that premalignant or malignant
alterations do not necessarily result from changes in gene or chromosome
structure per se, but from changes in gene expression. Support for this
concept comes from evidence that nuclei transplanted from cancer cells into
enucleated ova or blastocysts can produce apparently normal organisms or
tissues in various species, including mice (Br77). Nevertheless, altered gene
expression does not exclude the possibility that premalignant cells might
undergo mutation during their conversion to cancer cells.

Initiation, Promotion, and Progression in Carcinogenesis

The following generalizations about the process of carcinogenesis are
noteworthy: (1) The effects of radiation and chemical carcinogens which
lead to cancer are dose dependent and generally irreversible; (2) the
carcinogenic process is dependent on cell proliferation; (3) the changes
that initiate carcinogenesis in a cell are passed on to daughter cells; (4)
the subsequent events in carcinogenesis can be profoundly influenced by
various noncarcinogenic factors; and (5) tumors tend to become increasingly